Introduction
============

The two most common benign non-cystic liver lesions are hemangioma and focal nodular hyperplasia. Hepatocellular adenoma is considerably less common, but is important to diagnose because of its small risk of malignant transformation. A useful general approach to distinguishing benign from malignant hepatic masses is to begin by attempting to identify one or more of the imaging features diagnostic of a common benign lesion or alternatively a feature pathognomonic of a malignant hepatic lesion. These imaging features and the appropriate differential diagnostic considerations are described below. This article focuses on the use of computed tomography (CT) and magnetic resonance imaging (MRI).

Hemangioma
==========

Hepatic hemangioma is the most common benign liver tumor, occurring in up to 7% of the normal adult population, although one prospective study identified hemangiomas in 20% of liver autopsy specimens^\[[@B1]\]^. Pathologically, hemangiomas consist of interconnected endothelial-lined vascular channels, enclosed within a loose fibroblastic stroma^\[[@B2]\]^. They are fed by hepatic artery branches, and their internal circulation is slow. They generally remain stable in size over time but may occasionally demonstrate growth^\[[@B3; @B4; @B5; @B6]\]^.

On CT, hemangiomas are sharply defined masses that are usually hypoattenuating compared with the adjacent hepatic parenchyma on unenhanced images. However, they may be iso- or hyperattenuating in patients with hepatic steatosis. On unenhanced images the vascular components of hemangiomas have the same attenuation value as the blood within blood vessels^\[[@B7],[@B8]\]^. Thrombosed, fibrotic, or degenerated areas that are frequently present within large hemangiomas are lower in attenuation than the vascular components. Hemangiomas have a distinctive pattern of enhancement after administration of intravenous contrast medium, characterized by sequential contrast opacification usually beginning at the periphery of the lesion as one or more nodular or globular areas of enhancement, and proceeding toward the center^\[[@B7],[@B9; @B10; @B11; @B12; @B13]\]^. Fibrotic areas within the lesion do not become opacified. The feature of globular enhancement was found in one study to be 88% sensitive and 84--100% specific for differentiating hepatic hemangiomas from hypervascular metastases on single-pass, contrast-enhanced CT^\[[@B14]\]^. In another study, 94% of hepatic lesions demonstrating foci of globular enhancement were hemangiomas^\[[@B13]\]^. The time required for complete contrast 'fill-in' of a hemangioma depends upon its size. Small lesions may become completely opacified in \<1 min and appear homogeneously high attenuation on arterial or portal venous phase images, whereas large lesions may require 20 min or more for complete opacification. Small rapidly enhancing hemangiomas may be associated with adjacent hepatic parenchymal enhancement ('staining') related to arterioportal shunts^\[[@B15]\]^. The intensity of contrast opacification that occurs within the vascular spaces of a hemangioma depends on the concentration of iodine in the bloodstream. On any given image, the density of the enhanced vascular spaces approximates the density of the normal vascular structures on the same image^\[[@B7],[@B14],[@B16]\]^. Although some solid vascular hepatic neoplasms may show dense contrast enhancement during the early phase of the contrast bolus, the density of these lesions fades more rapidly than the density of normal vessels. Another sign that can be helpful in differentiating a malignant lesion from a hemangioma is a rim-like zone of hypoattenuation at the periphery of the mass. Such a hypoattenuating rim generally is indicative of a malignant neoplasm and is not seen with hemangiomas. Angiosarcoma is an exceedingly rare malignant liver tumor, which may have an enhancement pattern similar to that of hemangioma^\[[@B17; @B18; @B19]\]^, but which usually can be distinguished from hemangioma on multiphase helical CT examinations^\[[@B20],[@B21]\]^. Hemangioma typically shows areas of peripheral nodular enhancement with attenuation similar to that of the aorta during all enhancement phases and centripetal progression of enhancement. The areas of enhancement in angiosarcoma often are central in location, irregular in shape, and have a lower attenuation than that of the aorta on at least one imaging phase^\[[@B20],[@B21]\]^, although the enhancement progression may be centripetal. Thus on multiphase helical CT examinations angiosarcoma generally does not fulfill the criteria necessary to diagnose hemangioma and is more likely to simulate hypervascular metastases^\[[@B20]\]^.

Magnetic resonance imaging has been shown to be useful in distinguishing hemangiomas from malignant hepatic neoplasms based on the very long T2 relaxation of hemangioma compared with other hepatic masses^\[[@B22; @B23; @B24; @B25]\]^. Consequently, hemangiomas appear higher in signal intensity on T2-weighted images than other hepatic neoplasms ([Fig. 1](#F1){ref-type="fig"}A). Other features characteristic but not diagnostic of hemangioma include a sharp margin and internal homogeneity^\[[@B25; @B26; @B27; @B28; @B29]\]^. Hemangiomas \>4 cm in diameter, however, are frequently heterogeneous in signal intensity owing to various combinations of fibrosis, hemorrhage, thrombosis, hyalinization, and cystic degeneration^\[[@B30],[@B31]\]^. Using non-contrast-enhanced MRI and quantitative characteristics alone (i.e., T2 values or lesion-to-liver signal intensity ratios), hemangiomas can be distinguished from malignant hepatic masses with an accuracy of 81--97%^\[[@B22; @B23; @B24; @B25],[@B28],[@B32],[@B33]\]^. When morphologic characteristics are also considered, this differentiation has been made in 90--94% of cases^\[[@B25],[@B32],[@B34]\]^. A helpful characteristic of hemangioma is that it demonstrates a relative increase in signal intensity on heavily T2-weighted MR images compared with moderately T2-weighted images. In contradistinction, other hepatic masses except for cysts show a relative decrease in signal intensity on more heavily T2-weighted images. However, on non-contrast-enhanced MRI, vascular metastases such as those from pheochromocytoma, carcinoid, and pancreatic islet cell tumors are occasionally indistinguishable from hemangioma because of their marked hyperintensity on T2-weighted images^\[[@B35],[@B36]\]^. Dynamic gadolinium-enhanced MRI is helpful in making this differentiation^\[[@B37; @B38; @B39; @B40]\]^. Hemangiomas typically show early hyperintense peripheral nodular enhancement ([Fig. 1](#F1){ref-type="fig"}B) with complete fill-in on delayed images. However, small lesions may show early uniform enhancement, whereas some lesions, particularly large ones, may demonstrate persistent central hypointensity due to areas of fibrosis, thrombosis, or degeneration. Prolonged contrast material retention with signal intensity similar to the blood pool on 5--15-min delayed images is characteristic of hemangioma. *Figure 1***Hemangioma. Unenhanced T2-weighted MR image (A) shows a large hyperintense hepatic mass. Gadolinium enhanced T1-weighted image (B) demonstrates the characteristic nodular enhancement at the periphery of the lesion. Reprinted with permission from Lee *et al*.^\[[@B132]\]^.**

Although most small (\<2 cm in diameter) hemangiomas demonstrate typical enhancement, some show an atypical pattern characterized by persistent low attenuation during both the hepatic arterial and portal venous phases of enhancement. The finding within these lesions of a small bright dot that does not progress to a focus of globular enhancement ('bright dot' sign) can be helpful in suggesting the diagnosis^\[[@B41]\]^.

Uncommonly, hemangiomas may demonstrate other atypical features including hemorrhage^\[[@B42]\]^, calcification^\[[@B42; @B43; @B44]\]^, capsular retraction^\[[@B42],[@B45]\]^ and hyalinization^\[[@B42],[@B46; @B47; @B48]\]^. Hyalinization of a hemangioma alters its imaging features, making diagnosis very difficult. On T2-weighted MR images a hyalinized hemangioma is only mildly hyperintense^\[[@B46]\]^. On contrast enhanced CT or MRI it typically shows no early enhancement with only slight peripheral enhancement on delayed images^\[[@B46]\]^.

The approach to diagnosing hepatic hemangioma in any given patient depends upon several factors including the clinical history, the preferences of the patient and referring physician, and the imaging techniques available. In general, the following approach is recommended. Lesions discovered incidentally on ultrasound^\[[@B49]\]^ or CT that are solitary and typical of hemangioma can be considered benign and ignored if the patient has no known or suspected primary malignancy. However, if the ultrasound or CT findings are atypical, or the patient has a known or suspected primary malignancy, an additional imaging test, either technetium-99m pertechnetate labeled red blood cell (RBC) scintigraphy or MRI, can provide a more definitive diagnosis. Technetium-99m pertechnetate-labeled RBC scintigraphy using single photon emission CT (SPECT) is useful if the lesion in question is ≥2 cm in diameter^\[[@B34],[@B50],[@B51]\]^. The demonstration on such studies of a defect on early scans with prolonged and persistent radiotracer uptake on delayed scans is virtually diagnostic of hemangioma^\[[@B50],[@B51]\]^. For lesions \<2 cm in diameter and those \<2.5 cm that are located adjacent to the heart or major intrahepatic vessels, MRI is the preferred imaging test as it is more sensitive than labeled-RBC SPECT scanning for such lesions^\[[@B34]\]^. An advantage of MRI compared with labeled RBC imaging is that contrast-enhanced MRI is capable of establishing a diagnosis, even if the lesion is not a hemangioma. Only rarely is a biopsy necessary to diagnose hepatic hemangioma.

Focal nodular hyperplasia
=========================

Focal nodular hyperplasia (FNH) is the second most common benign hepatic tumor after hemangioma^\[[@B52]\]^. It occurs primarily in young women, is solitary in 75--80% of cases^\[[@B53],[@B54]\]^, and is often discovered incidentally on abdominal CT or ultrasound examinations. It typically occurs in a subcapsular location and may be pedunculated^\[[@B2],[@B52]\]^. Although FNH is considered to be a non-encapsulated lesion, in a small percentage of cases a partial or complete fibrous capsule is present^\[[@B55]\]^. FNH is a benign vascular hepatic neoplasm composed of hepatocytes, bile ducts, blood vessels, and Kupffer cells. It frequently contains a central or eccentric fibrous scar, from which fibrous bands radiate in a spoke-wheel pattern toward the periphery. The fibrous septa, which separate the lesion into small nodules, contain thick-walled arteries and bile ductules^\[[@B56]\]^. The individual nodules are characterized by hepatocyte proliferation with lack of normal hepatic architecture, including absence of central veins or portal tracts^\[[@B56]\]^. It has been hypothesized that FNH results from a congenital vascular malformation that induces focal hepatocellular hyperplasia^\[[@B57]\]^. In contradistinction to hepatocellular adenoma, FNH is not associated with oral contraceptive use^\[[@B52],[@B58]\]^. Although some studies suggest that oral contraceptives may promote the growth of FNH^\[[@B59; @B60; @B61; @B62; @B63; @B64]\]^, one study has shown no effect^\[[@B65]\]^.

On unenhanced CT, FNH usually appears as a homogeneous isoattenuating or slightly hypoattenuating mass. In approximately one-third of cases, a well-defined hypoattenuating scar may be identified^\[[@B66; @B67; @B68]\]^. Because of its prominent arterial vascular supply, FNH undergoes marked enhancement during the arterial phase of contrast-enhanced CT, becoming appreciably hyperattenuating relative to the hepatic parenchyma^\[[@B66]\]^ ([Fig. 2](#F2){ref-type="fig"}A). Except for the scar and fibrous septa when present, the enhancement of FNH is characteristically homogeneous. One or more large feeding hepatic arteries, small central and septal arteries, and early draining veins often can be identified in large lesions ([Fig. 2](#F2){ref-type="fig"}B and C)^\[[@B66],\ [@B68; @B69; @B70]\]^. During the hepatic parenchymal phase, FNH usually becomes isoattenuating or nearly isoattenuating relative to normal hepatic parenchyma. Uncommonly, pseudocapsular enhancement may be seen surrounding the lesion on hepatic parenchymal phase or delayed images^\[[@B55],[@B70; @B71; @B72]\]^. The pseudocapsule of FNH results from compression of surrounding liver parenchyma, perilesion vessels, and inflammatory reaction^\[[@B71]\]^. The fibrous scar, if present, usually remains hypoattenuating during the arterial phase but may show early arterial enhancement^\[[@B56]\]^. Enhancement of the scar may be seen on delayed images due to the presence of abundant myxomatous stroma^\[[@B72]\]^. *Figure 2***Focal nodular hyperplasia. Contrast-enhanced, arterial phase sagittal CT image (A) shows a well-defined homogeneously enhancing hypervascular mass at the inferior edge of the right lobe of the liver. Note the non-enhancing central scar. A sagittal maximum intensity projection (MIP) image (B) demonstrates early drainage of the mass into a large hepatic vein (arrowheads). An off axis coronal MIP image (C) demonstrates that the mass has two large draining veins (arrows).**

On unenhanced MR images, FNH often has signal intensity characteristics similar to that of the hepatic parenchyma. On T1-weighted images it appears isointense or slightly hypointense ([Figs. 3](#F3){ref-type="fig"}A and [4](#F4){ref-type="fig"}B), and on T2-weighted images isointense or slightly hyperintense relative to normal hepatic parenchyma ([Figs. 3](#F3){ref-type="fig"}B and [4](#F4){ref-type="fig"}C)^\[[@B55],[@B67],[@B73; @B74; @B75; @B76]\]^. Rarely, hyperintensity within the lesion on T1-weighted images may indicate fatty change, sinusoidal dilation or copper accumulation^\[[@B77; @B78; @B79]\]^. The central scar, which is identified on MRI in approximately one-half to three-fourths of cases, is characteristically hypointense on T1-weighted images ([Figs. 3](#F3){ref-type="fig"}A and [4](#F4){ref-type="fig"}B) and hyperintense on T2-weighted images ([Figs. 3](#F3){ref-type="fig"}B and [4](#F4){ref-type="fig"}C). The hyperintensity of the scar on T2-weighted images is due to the presence of vascular channels and bile ductules^\[[@B55],[@B80]\]^. The enhancement pattern of FNH after IV administration of a gadolinium-containing contrast agent parallels that seen on contrast-enhanced CT, including hyperintensity during the arterial phase ([Figs. 3](#F3){ref-type="fig"}C and [4](#F4){ref-type="fig"}A), isointensity or near isointensity during the portal venous (hepatic parenchymal) phase ([Figs. 3](#F3){ref-type="fig"}D and [4](#F4){ref-type="fig"}D), and enhancement of the scar on delayed images ([Fig. 3](#F3){ref-type="fig"}E)^\[[@B55],[@B73],[@B81]\]^. Occasionally, arterial phase enhancement of the scar may also be seen. FNH typically shows enhancement on delayed images after administration of Mn-DPDP^\[[@B82; @B83; @B84]\]^, Gd-BOPTA ([Fig. 4](#F4){ref-type="fig"}E)^\[[@B85],[@B86]\]^ and Gd-EOB-DTPA^\[[@B87]\]^, and shows signal loss after administration of superparamagnetic iron oxide^\[[@B86],[@B88; @B89; @B90]\]^. Gd-BOPTA and Gd-EOB-DTPA are more accurate than Mn-DPDP and superparamagnetic iron oxide for diagnosing FNH because they combine dynamic arterial phase enhancement information with delayed liver-specific enhancement information^\[[@B86]\]^. In addition, diagnosis of FNH with iron oxide is based on uptake of the agent by Kuppfer cells, which may be present in relatively small numbers in some lesions. Furthermore, superparamagnetic iron oxide lacks adequate specificity to diagnose FNH because other hepatic masses including adenoma, hemangioma, well-differentiated hepatocellular carcinoma, and regenerative nodular hyperplasia may also show signal loss after superparamagnetic iron oxide administration^\[[@B88],[@B91; @B92; @B93; @B94; @B95]\]^. *Figure 3***Focal nodular hyperplasia. Unenhanced T1-weighted MR image (A) shows a nearly isointense hepatic mass (arrows) that contains a hypointense central scar. On a T2-weighted image (B) the mass is isointense, & the scar is hyperintense. Arterial phase gadolinium-enhanced image (C) demonstrates marked enhancement of the mass, except for the central scar and fibrous septa radiating from the scar. Portal venous phase image (D) shows rapid contrast enhancement washout of the lesion, which is now isointense with liver parenchyma. On a delayed postcontrast image (E) the mass remains isointense, but the central scar now is hyperintense.** *Figure 4***Focal nodular hyperplasia. Arterial phase gadolinium-BOPTA enhanced image (A) demonstrates an intensely enhancing mass in segment 8 of the liver. Note the non-enhancing linear central scar. The mass is isointense on unenhanced T1-weighted (B) and T2-weighted (C) images. Portal venous phase image (D) shows rapid contrast enhancement washout of the lesion, which is now isointense with liver parenchyma. One hour delay image (E) demonstrates persistent enhancement of the mass, which is now hyperintense relative to the normal hepatic parenchyma.**

Although the typical CT and MRI features of FNH are characteristic, atypical features may be seen in 10--20% of cases^\[[@B53],[@B54]\]^. These features may include calcification, heterogeneous enhancement, hypo- to iso-attenuation or signal intensity during the arterial phase, a low signal intensity scar on T2-weighted images, or a prominent pseudocapsule^\[[@B53],[@B70],[@B71],[@B96],[@B97]\]^. Consequently, there may be overlap between the imaging appearance of FNH and that of other hepatic masses including hepatocellular adenoma, hepatocellular carcinoma, fibrolamellar carcinoma, intrahepatic cholangiocarcinoma, hepatic hemangioma, and hypervascular metastases^\[[@B67],[@B73],[@B81]\]^. For example, hepatocellular carcinoma may show marked arterial enhancement and may have a central scar or an area of scar-like necrosis that is high in signal intensity on T2-weighted images^\[[@B98]\]^. However, in most cases, malignant lesions can be differentiated from FNH because of their heterogeneous enhancement pattern. Nevertheless, in some cases it may be difficult to make a definitive diagnosis of FNH based on the CT or MRI features alone.

Hepatic scintigraphy with technetium-99m-labeled sulfur colloid may be useful in confirming the diagnosis. Because FNH contains Kupffer cells, it concentrates sulfur colloid^\[[@B68],[@B99]\]^. In approximately one-half of cases the degree of radiotracer accumulation is similar to that of the normal hepatic parenchyma, and in 10% of cases increased concentration of colloid is seen^\[[@B68],[@B99],[@B100]\]^. In the remaining 40% of patients FNH appears as a photopenic defect, indicating that the Kupffer cells in the lesion have concentrated the sulfur colloid to a lesser degree than the surrounding liver. Regenerative nodules, focal hepatic steatosis, and some hepatocellular adenomas may also concentrate sulfur colloid^\[[@B100],[@B101]\]^. However, in the proper clinical setting, the CT or MRI features in combination with normal uptake within the mass on sulfur colloid scan strongly suggest the diagnosis of FNH. The finding of increased sulfur colloid concentration is specific for FNH^\[[@B100]\]^. Another scintigraphic study that can establish the diagnosis of FNH is hepatobiliary scanning with an agent such as technetium-99m diethyl-iminodiacetic acid. The abnormal biliary drainage of FNH results in uptake and delayed excretion of the agent, revealing the lesion as a 'hot spot' within the liver on delayed images^\[[@B102]\]^.

Although experience is still limited, the contrast agents that likely will be the most useful for characterizing FNH are the liver-specific hepatobiliary MR contrast agents Gd-BOPTA and Gd-EOB-DTPA. The extracellular properties of these agents can demonstrate the typical vascular enhancement pattern of FNH on dynamic post-contrast images. In addition, delayed imaging demonstrates uptake of the agent by hepatocytes within the lesion, demonstrating the hepatocellular origin of the mass^\[[@B85],[@B86]\]^. Although other primary hepatocellular lesions such as hepatocellular adenoma and hepatocellular carcinoma also enhance with these agents, the combination of the dynamic and delayed imaging features usually is adequate to distinguish between FNH and the other lesions.

Superparamagnetic iron oxide (SPIO) MR contrast agents also are capable of characterizing FNH based on uptake of the agents by Kuppfer cells within the lesion. However, because other hepatic masses including adenoma, hemangioma, well-differentiated hepatocellular carcinoma, and regenerative nodular hyperplasia also can demonstrate signal loss after SPIO administration, SPIO-enhanced MR studies performed to diagnose FNH must be interpreted with caution. One comparative study found Gd-BOPTA to be superior to SPIO-enhanced MRI for the identification and characterization of FNH^\[[@B86]\]^.

A malignant neoplasm that can have an appearance very similar to FNH is fibrolamellar hepatocellular carcinoma. Both lesions tend to occur in young patients and both often contain central scars. The characteristics of the scar can be helpful in differentiating these tumors. The scar in fibrolamellar HCC is frequently calcified, whereas the scar in FNH is rarely calcified (1.4% of lesions)^\[[@B96]\]^. At MRI the scar in FNH is hyperintense on T2-weighted images and shows delayed enhancement, whereas that in fibrolamellar HCC generally is hypointense on T2-weighted images with lack of delayed enhancement. In addition, HCC does not show delayed enhancement after gadolinium-BOPTA administration ([Fig. 5](#F5){ref-type="fig"}D). *Figure 5***Hepatocellular carcinoma. Arterial phase contrast-enhanced transaxial (A) and coronal (B) CT images shows a large exophytic hypervascular hepatic mass (arrow) that contains a large central scar. Arterial phase gadolinium-BOPTA enhanced MR image (C) shows similar findings. One hour delay image (D) after gadolinium-BOPTA administration demonstrates lack of enhancement of the mass. Note enhancement of the normal hepatic parenchyma (arrows).**

When differentiation of FNH from other neoplasms is not possible on the basis of the imaging findings, follow-up imaging, needle biopsy, or surgical excision may be necessary. If follow-up imaging is chosen, it is important to be aware that although most lesions remain stable, a minority may demonstrate an increase or decrease in size over time^\[[@B60],[@B65],[@B103]\]^. If a biopsy is performed, the samples should include the fibrous scar, if present, because diagnostic bile ductules may be found only in this region of the tumor^\[[@B53]\]^.

Hepatocellular adenoma
======================

Hepatocellular adenoma is an uncommon benign primary hepatic neoplasm consisting of sheets of normal-appearing hepatocytes but lacking the normal acinar architecture of the surrounding hepatic parenchyma^\[[@B2]\]^. The hepatocytes may be rich in lipid or glycogen, and Kupffer cells are occasionally present, but bile ducts and portal tracts are absent^\[[@B52],[@B104],[@B105]\]^. The lesion may be surrounded by a fibrous capsule. Hepatocellular adenomas are usually solitary, but multiple adenomas are not uncommon^\[[@B106],[@B107]\]^. They occur predominantly in women of child-bearing age, and their presence is strongly associated with the use of oral contraceptives^\[[@B108],[@B109]\]^. Although adenomas can regress or completely disappear after withdrawal of oral contraceptives^\[[@B110],[@B111]\]^, they may continue to enlarge despite discontinuation of the drug^\[[@B113]\]^. Anabolic steroids are implicated as a cause of hepatocellular adenoma and hepatocellular carcinoma in men^\[[@B52],[@B113]\]^. Patients with glycogen storage disease are at risk for developing multiple adenomas as well as hepatocellular carcinoma^\[[@B114; @B115; @B116; @B117; @B118]\]^. Hepatocellular adenoma has a tendency to undergo spontaneous hemorrhage. Although patients with an uncomplicated adenoma are usually asymptomatic, those with large or hemorrhagic lesions generally present with abdominal pain. Rare instances of malignant degeneration of hepatocellular adenomas have been reported^\[[@B119; @B120; @B121; @B122]\]^. Because the imaging appearance of hepatocellular adenoma is highly variable and overlaps with that of hepatocellular carcinoma, surgical resection is generally recommended.

The CT and MRI appearances of hepatocellular adenoma are varied and non-specific. On unenhanced CT images the lesion may be hypoattenuating due to the presence of intracellular lipid, old hemorrhage or necrosis, or it may be hyperattenuating owing to recent hemorrhage ([Fig. 6](#F6){ref-type="fig"}A) or large amounts of glycogen^\[[@B66],[@B106],[@B123]\]^. Hemorrhagic adenomas are heterogeneous, whereas uncomplicated lesions are homogeneous in appearance. Rarely, calcification may be identified^\[[@B106]\]^. After IV contrast medium administration, adenoma often demonstrates moderate enhancement during the arterial and early portal venous phases of enhancement^\[[@B66]\]^. Although there is overlap, the degree of arterial phase enhancement of most adenomas tends to be somewhat less than that seen with FNH^\[[@B124]\]^. Except for areas of necrosis, hemorrhage or fat, the enhancement is homogeneous or nearly homogeneous in 80% of cases^\[[@B123]\]^. In approximately 25% of cases, a thin tumor capsule can be identified^\[[@B106]\]^. The capsule is hypoattenuating relative to surrounding liver on hepatic arterial phase images and hyperattenuating on portal venous phase images. *Figure 6***Ruptured hepatocellular adenoma. Precontrast CT image (A) shows a large heterogeneous mass (arrows) near the dome of the liver. Central areas of hyperattenuation represent hemorrhage. Note the high attenuation perihepatic blood. Contrast-enhanced image (B) shows enhancement of the peripheral intact portion of the mass (black arrowheads). The hemorrhagic portion of the mass does not enhance. Note loss of integrity of the liver capsule anterolaterally. Coronal volume rendered image (C) shows the peripherally enhancing mass, ruptured liver capsule, and perihepatic blood (white arrowheads). Reprinted with permission from Lee *et al*.^\[[@B132]\]^.**

The MRI appearance of adenoma is equally varied. Most lesions are heterogeneous in signal intensity^\[[@B107],[@B125],[@B126]\]^. The majority of hepatocellular adenomas are hyperintense to surrounding hepatic parenchyma on T1-weighted images and isointense or hyperintense on T2-weighted images^\[[@B107],[@B125]\]^. The hyperintensity on T1-weighted images is generally related to the presence of lipid^\[[@B107]\]^ or hemorrhage^\[[@B125],[@B126]\]^ in the lesion. Opposed-phase T1-weighted images may demonstrate decreased signal intensity within the lesion relative to the signal intensity on the in-phase images, indicating the presence of intracellular lipid ([Fig. 7](#F7){ref-type="fig"}). A low-signal-intensity capsule, similar to that reported with hepatocellular carcinoma, is seen in approximately one-third of hepatocellular adenomas^\[[@B75],[@B125]\]^. On dynamic contrast-enhanced gradient echo imaging, adenoma usually appears hyperintense to hepatic parenchyma, but may be isointense or hypointense^\[[@B125]\]^. Some hepatocellular adenomas show signal loss after administration of superparamagnetic iron oxide due to pooling of the contrast agent in peliosis-like dilated vessels or phagocytic uptake by endothelial cells^\[[@B88],[@B91]\]^. *Figure 7***Hepatocellular adenoma. In-phase T1-weighted spoiled gradient-echo MR image (A) shows a large isointense hepatic mass (M). Out-of-phase image (B) shows diffuse decrease in signal intensity within the mass due to the presence of intracellular lipid. Reprinted with permission from Lee *et al*.^\[[@B132]\]^.**

Because of the varied appearances of hepatocellular adenoma, differential diagnosis may be difficult. When attempting to distinguish adenoma from FNH, the findings of hemorrhage or lipid within the lesion strongly support a diagnosis of adenoma. The presence of a central scar strongly supports the diagnosis of FNH, especially if the scar is hypointense on T1-weighted images, hyperintense on T2-weighted images and shows delayed enhancement. Fibrolamellar hepatocellular carcinoma usually can be distinguished from adenoma because it generally contains a large central or eccentric scar, often with calcification and radiating fibrous septa, and its enhancement is heterogeneous. In some cases, however, based on the CT or MRI appearance, it may be difficult to distinguish with confidence between hepatocellular adenoma and hepatocellular carcinoma occurring in a patient without underlying chronic liver disease.

Liver adenomatosis is a rare clinical entity, characterized by numerous hepatic adenomas (arbitrarily, more than 10) associated with increased serum alkaline phosphatase and gamma-glutamyltransferase levels, in patients without glycogen storage disease^\[[@B127],[@B128]\]^. Both men and women are affected, although there is a female predominance (14 of 15 patients in the largest reported series)^\[[@B128]\]^. Most patients are relatively young (average age, 36 years) and have an otherwise normal liver, but many have a congenital or acquired abnormality of the hepatic vasculature, which may predispose them to the development of these adenomatous liver lesions^\[[@B128]\]^. The imaging appearance and histology of the lesions in liver adenomatosis are similar to those of sporadic hepatocellular adenomas; however, unlike most sporadic adenomas, they do not appear to be steroid dependent and do not regress with steroid withdrawal or blockage^\[[@B128],[@B129]\]^. In fact, the size and number of lesions increases with time^\[[@B128]\]^. Patients with liver adenomatosis appear to be at increased risk for development of hepatocellular carcinoma and should be monitored with CT or MRI and serum alpha-fetoprotein levels^\[[@B116],[@B128],[@B129]\]^.

CT and MR imaging features of malignancy
========================================

Malignant liver lesions commonly demonstrate continuous rim enhancement or diffuse heterogeneous enhancement. A hypoattenuating or hypointense halo surrounding the peripherally enhanced portion of a mass also is highly suggestive of a malignant lesion but occasionally can be seen with hepatocellular adenoma. Malignant liver lesions often have an ill-defined margin with the surrounding hepatic parenchyma, whereas benign masses tend to have a well-defined parenchymal interface. Peripheral washout on delayed images is a finding that is characteristic of malignancy and can be seen in intrahepatic cholangiocarcinoma and some hepatic metastases^\[[@B130]\]^. This finding refers to a peripheral rim that is hypointense or hypoattenuating to the center of the lesion on delayed contrast enhanced MR or CT images ([Fig. 8](#F8){ref-type="fig"}B), and when identified enables a confident diagnosis of malignancy. Peripheral washout is seen more frequently with hypervascular as compared with hypovascular lesions^\[[@B131]\]^. Another finding pathognomonic of malignancy is portal venous or hepatic venous tumor invasion. Vascular invasion is seen most commonly with hepatocellular carcinoma, but occurs less commonly with intrahepatic cholangiocarcinoma and hepatic metastases. *Figure 8***Metastatic colon carcinoma. T1-weighted arterial phase gadolinium-enhanced MR image (A) shows a heterogeneously enhancing mass (arrow) in the right lobe of the liver. On an equilibrium phase image (B) the periphery of the lesion, which demonstrated enhancement during the arterial phase, is now less intense than the center of the lesion. This phenomenon is termed 'peripheral washout'.**

Diagnostic approach
===================

If a lesion demonstrates imaging findings diagnostic of hemangioma or focal nodular hyperplasia, no further diagnostic evaluation of that lesion is needed. If the findings are suggestive but not diagnostic of a benign lesion, then further evaluation may include interval follow-up imaging, preferably MRI, or performance of a confirmatory imaging study (e.g., nuclear medicine or MRI with a hepatobiliary contrast agent). If these tests fail to establish the diagnosis, then continued follow-up imaging or biopsy may be necessary. If the imaging findings are diagnostic or highly suggestive of a malignant lesion, options include institution of appropriate cancer therapy or biopsy, if a histologic diagnosis is needed. In some cases, however, the imaging findings may be equivocal without findings that are highly suggestive of either a benign or malignant lesion. In such cases, management options include use of a confirmatory test, interval follow-up imaging or biopsy. Which option is most appropriate in a given situation depends upon a number of factors including how critical the diagnostic information is for immediate patient management. The patient\'s wishes also should be factored into the decision making process.
